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[57] ABSTRACT

A hermetic tubular casing hermetically containing a gas
substantially at the atmospheric pressure i1s mounted on
a mobile object, such as a vehicle, and is provided with
a needle electrode at one end thereof and a pair of adja-
cent semicircular plate electrodes at the other end
thereof. A high-voltage power supply applies a high
voltage across the needle electrode and the plate elec-
trodes to generate an ionic wind flowing from the nee-
dle electrode toward the plate electrodes by producing
a corona discharge around the needle electrode. An
arithmetic unit detects the difference between ionic
currents flowing respectively through the pair of plate
electrodes and each corresponding to the number of
ions fallen on the corresponding plate electrode. The
ionic wind is deflected under the action of a Coriolis
force as the mobile object revolves entailing variation in
the quantity of ions falling on each plate electrode. The
difference between the ionic currents varies in propor-
tion to the angular velocity of the mobile object.

8 Claims, 9 Drawing Sheets
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1
GAS RATE GYRO

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a gas rate gyro set on
a mobile object, such as a vehicle or a ship, to detect the
rotatory motion of the mobile object and, more particu-
larly, to a gas rate gyro which detects the angular ve-
locity of a rotatory motion of a mobile object through

the detection of a Coriolis force acting on an 1onic wind
generated in a casing.

2. Description of the Prior Art

The gas rate gyro measures the angular velocity of a
mobile object through the measurement of a Coriolis
force acting on a gas current. The gas rate gyro is fea-
tures by the small number of component parts, low cost,
high vibration resistance and capability of being set
simply on a vehicle or the like.

Japanese Patent Laid-open (Kokai) No. 60-133369

discloses a gas rate gyro not having any mechanical

10
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functional component, such as a pump in which a gas is -

ionized in an electric field to generate a gas current.
Japanese patent Laid-open (Kokai) No. 61-256216 dis-
closes a similar gas rate gyro, in which a rare gas sealed
in a glass case is ionized by a discharge to form a plasma,
a plasma jet is formed in the rare gas by an annular
accelerating electrode for attracting charged particles

and an annular focusing electrode for focusing the jet of

charged particles, and a Coriolis force acting on the
plasma jet is detected. Japanese Patent Laid-open
(Kokai) No. 58-71465 discloses a gas rate gyro, in which
an 10nic wind generated by a corona discharge is used as
a pump for forming a jet of gas, the jet of gas 1s ionized
by a radiation source, and the ions are detected.

Since the known gas rate gyro detects the angular
velocity of a mobile object by using the plasma jetin a
vacuum or in a rare gas, the flow speed of the plasma
current, i.e., a current of ions, in the vacuum or in the

25
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rare gas is very high. It is known that the deflection of 40

the current of ions subjected to the action of a Coriolis

force is dependent on the flow speed of the current of

ions; that is, the deflection Y is in inverse proportion to
the flow speed of the current of ions, is in proportion to

the square of the distance L between the electrodes and 45

is in proportion to the angular velocity o of the rotating
mobile object. Thus, the current of ions is deflected by
a Coriolis force acting thereon, and the deflection of the
current of ions is in proportion to the flow speed of the

current of ions. Since the flow speed of the current of 50

ions in a high vacuum or in a rare gas is very high, the
distance L between the electrodes must be very large to
detect the deflection Y of the current of 1ons at a satis-
factory accuracy, namely, to make the deflection Y
large, which inevitably increases the size of the gas rate
gyro. The gas rate gyro using radioactive rays entails
injurious effect on the environment in the manufacture
and use of the gas rate gyro.

SUMMARY OF THE INVENTION

The present invention is intended to provide a gas
rate gyro using a current of ions of a comparatively low
flow speed which can be deflected comparatively
greatly by a Coriolis force, yet not require any radiation
soturce.

Accordingly, it is an object of the present invention
to provide a compact gas rate gyro comprising a casing
set on a mobile object and electrodes disposed at a com-

35

65
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paratively small distance from each other, and being
capable of forming a current of ions within the casing
and deflecting the current of ions greatly by a compara-
tively small Coriolis force without using any radiation
source.

It is another object of the present invention to pro-
vide an accurate gas rate gyro capable of surely arrest-
ing ions.

To achieve the object of the invention, the present
invention provides a gas rate gyro to be set on a mobile
object to detect the motion of the mobile object through
the measurement of the deflection of a gas current vary-
ing according to the motion of the mobile objects, com-
prising: a casing set on the mobile object and hermeti-
cally containing a gas therein; first and second elec-
trodes disposed opposite to each other within the cas-
ing; a high-voltage power supply which applies a volt-
age across the first and second electrodes to generate a
corona discharge on the first electrode which generates
an ionic wind of a mixture of the neutral molecules of
the gas contained in the casing and ions produced by
ionizing the neutral molecules, directed from the first
electrode toward the second electrode; detecting elec-
trodes disposed within the casing at a predetermined
distance from the first electrode where the ions pro-
duced by the corona discharge are not annihilated, to
give electrons to the ions of the 1onic wind; and a rota-
tory motion detecting circuit which detects the rotatory
motion of the mobile object through the measurement
of the deflection of the ionic wind according to the
motion of the mobile object by detecting the magnitude
of a current of ions corresponding to the flow of the
electrons flowing through the detecting electrodes.

According to the present invention, a high voltage is
applied across the first and second electrodes to gener-
ate a corona discharge around the first electrode. The
corona discharge is generated by the partial spark
breakdown of the gas around the first electrode within
the hermetic casing. Then, the gas substantially consist-
ing of neutral molecules is ionized by the corona dis-
charge to produce ions. Since the ions have positive
electric charge, the ions are accelerated by an electric
field toward the second electrode of a negative poten-
tial. During the travel toward the second electrode, the
ions produced around the first electrode collide against
neutral molecules of the gas, and thereby the flow speed
of the ions is reduced and the neutral molecules are
urged by the ions toward the second electrode thus
producing an ionic wind generally flowing from the
first electrode toward the second electrode. This ionic
wind is a flow of a gas consisting of the neutral mole-
cules of the gas sealed in the casing and the ions pro-
duced by ionizing the gas sealed in the casing. The
detecting electrodes disposed at a predetermined dis-
tance from the first electrode 1s exposed to the 1onic
wind. Ions contained in the ionic wind impinge on the
detecting electrodes and acquire electrons from the
detecting electrodes to form neutral molecules. Thus, a
current of the gas is generated, ions are produced con-
tinuously and a continuous current of ions 1s generated
within the casing. When the mobile object performs a
rotatory motion, such as a revolving motion, with the
gas rate gyro in the foregoing state, a Coriolis force 1s
generated in the current of ions within the casing, and
thereby the current of ions is deflected by a deflection
proportional to the angular velocity of the revolving
motion and in inverse proportion to the flow speed on



4,941,353

3

the ions. However, since the gas rate gyro of the present
invention uses the ionic wind, the ions collide against
the neutral molecules and flow at a flow speed far lower
than the flow speed on ions in a high vacuum or in a rare
gas; consequently, the current of ions is defected greatly 3
by a small Coriolis force. Accordingly, a small variation
of the Coriolis force, hence, the angular velocity, can be
detected even if the detecting electrodes which give
electrons to the ions are disposed at a short distance
from the first electrode. Accordingly, the gas rate gyro 10
can be formed in a compact construction. Furthermore,
since the detecting electrodes are disposed at a prede-
termined comparatively short distance from the firs&
electrode where the ions generated around the first
electrode by a corona discharge are not annihilated
naturally, the gas rate gyro need not be provided with
any radiation source. |

Notwithstanding the arrangement of the electrodes at
short intervals, the gas rate gyro is able to detect the ,,
angular velocity of a rotatory motion of the mobile
object at a sufficient accuracy, since the gas rate gyro
uses a low-speed ionic wind generated by a corona
discharge as a gas current; consequently, the casing
carrying the electrodes may be a small one. Since the 55
gas rate gyro needs only an electrode for producing an
ionic wind and an electrode for detecting the flow of
the 1onic wind and need not be provided with any fo-
cusing electrode and any accelerating electrode, namely
, the gas rate gyro needs substantially only electrodes 30
for producing a plasma and detecting the plasma, the
gas rate gyro 1s simple in construction and inexpensive.
Furthermore, since the detecting electrodes are dis-
posed at a predetermined distance from the first elec-
trode so that the detecting electrodes are able to detect 35
the ions in the 1onic wind, the gas rate gyro needs no
radiation source, and hence the gas rate gyro has no
injurious influence on the environment.

BRIEF DESCRIPTION OF THE DRAWINGS 4

The above and other objects, features and advantages
of the present invention will become more apparent
from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 1s a partially cutaway perspective view of a
gas rate gyro In a first embodiment according to the
present invention, typically showing the internal con-
struction of a casing;

FIG. 2 1s a circuit diagram of a high-voltage power
supply incorporated into the gas rate gyro of FIG. 1;

FI1G. 3 is a circuit diagram of an arithmetic unit incor-
porated into the gas rate gyro of FIG. 1:

FIGS. 4 and 5 are diagrammatic illustrations explain-
ing the relation between ionic currents and detecting
electrodes in the gas rate gyro of FIG. 1;

FIG. 6 1s a graph showing the variation of ionic cur-
rents under the action of a Coriolis force;

FIG. 7 is a graph showing the characteristics of a
difference signal, namely, an output signal of a detecting ¢q
circuit corresponding to the variation of the ionic cur-
rents shown in FIG. 6:

FIG. 8 is a partially cutaway perspective view of a
gas rate gyro in a second embodiment according to the
present invention, typically showing the internal con- 45
struction of a casing;

FI1G. 9 is an enlarged perspective view of detecting
electrodes employed in the gas rate gyro of FIG. §;

15
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FIG. 10 is an illustration explaining the relation be-
tween an ionic wind and electrodes in the gas rate gyro
of FIG. 8;

FIG. 11 is a partially cutaway perspective view of a
gas rate gyro in a third embodiment according to the
present invention, typically showing the internal con-
struction of a casing;

FIG. 12 1s a graph of assistance in explaining the
characteristics of the gas rate gyro of FIG. 8;

FIG. 13 is a graph showing the characteristics of the
gas rate gyro of FIG. 11;

FIG. 14 1s a partially cutaway perspective view of a
gas rate gyro in a fourth embodiment according to the
present invention, typically showing the internal con-
struction of a casing; '

FIG. 15 is an electric circuit diagram of a feedback
circuit and a high-voltage power supply incorporated
into the gas rate gyro of FIG, 14; and

FIGS. 16 and 17 are sectional views typically show-
ing modifications of the casing for a gas rate gyro ac-
cording to the present invention.

- DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment (FIGS. 1 to 7):

Referring to FIG. 1, a gas is sealed in a hermetic
tubular casing 1 at a pressure of 1 atm, =50 mmHg. The
gas 1Is nitrogen gas, dry air, an inert gas or a mixture of
those gases. The casing 1 is formed of an insulating
material, such as glass or resin. A tubular insulating
needle holder 21 is attached to one end of the casing 1
while a pair of plate electrodes 3A and 3B are disposed
near the other end of the casing 1 and are held at the
upper and lower ends thereof by electrode holders 31.
A needle electrode 2, having a 10 mm diameter and
having a conical tip, is held by the needle holder 21 in
alignment with the axis of the casing 1. The plate elec-
trodes 3A and 3B have the same semicircular shape and
are disposed opposite to the needle electrode 2 with the
straight sides thereof opposite to each other. The diame-
ter of a circular shape formed by the plate electrodes 3A
and 3B 1s 80% of the inside diameter of the casing 1, and
the center of the circular shape i1s on the axis of the
casing 1. A high-tension cable 41 has one end connected
to the needle electrode 2 and the other end connected to
a high-voltage power supply 4. Signal lines 51A and
51B connected to an external arithmetic unit 5 are con-
nected respectively to the plate electrodes 3A and 3B.

Referring to FIG. 2 showing the high-voltage power
supply 4 connected to a battery 60 mounted on the
mobile object, there are shown transistors 61 and 62, a
transformer 63, capacitors 65, 66, 67 and 68, diodes 69,
70, 71 and 72, and a discharge resistance 73. The transis-
tors 61 and 62 and the transformer 63 constitute an
oscillation circuit for converting a dc input into an ac
output. A boosting circuit consisting of the capacitors
65 to 68 and the diodes 69 to 72 is connected to the
secondary winding 64 of the transformer 63.

Referring to FIG. 3 showing the arithmetic unit 5,
there are shown the signal lines 51A and 51B, opera-
tional amplifiers 80 and 81 for amplifying minute cur-
rents, a differential amplifier 82, resistors 83 to 88 and
capacitors 89 and 90. The respective output terminals of
the operational amplifiers 80 and 81 are connected re-
spectively to the positive and negative input terminals
of the differential amplifier 82. A voltage corresponding
to the difference between the minute currents, namely,
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ionic currents, flowing through the signal lines 51A and
91B appears at the output terminal of the differential
amplifier 82.

In operation, the high-voltage power supply 4 boosts
the output voltage of 12 V of the battery 60 to a high
voltage of 5.2 kV and applies the high voltage to the
needle electrode 2(first electrode) to form an electric
field of an intensity in the range of 3 KV/cm to 10
KV/cm between the needle electrode 2 and the plate
electrodes 3A and 3B. Consequently, a nonuniform
electric field is formed around the tip of the needle
electrode 2 causing partial spark to generate a corona
discharge.

The molecules of the gas sealed in the casing 1 are
ionized by the corona discharge to produce positive
ions. The positive 10ns are accelerated by the electric
field so as to travel toward the plate electrodes 3A and
3B. During the travel toward the plate electrodes 3A
and 3B, the positive ions collide against the neutral
molecules of the gas to urge the neutral molecules
toward the plate electrodes 3A and 3B, so that an 1onic
wind F (FIG. 1) is generated. The flow speed of the
ionic wind F is lower than that of a current of 10ns in a
vacuum or in a rare gas, because the flow of the ions is

10

15

20

impeded by the neutral molecules. The flow speed of 25

the tonic wind F is on the order of several meters per
second.

Upon impingement on the plate electrodes 3A and
3B, the positive ions contained in the ionic wind F re-
ceive electrons from the plate electrodes 3A and 3B and
become neutral molecules, and thereby iomic currents
I: and I, flow through the plate electrodes 3A and 3B.
To enable the positive ions produced by the corona
discharge to reach the plate electrodes 3A and 3B, the
needle electrode 2 and the plate electrodes 3A and 3B
must not be excessively widely spaced. In this embodi-
ment, the distance between the needle electrode 2 and
the plate electrodes 3A and 3B 1s 16 mm.

The ionic currents are proportional respectively to
the numbers of positive ions arrested by the plate elec-
trodes 3A and 3B. When the ionic wind F 1s not de-
flected, the same number of positive ions fall on the
plate electrodes 3A and 3B, since the ion density distri-
bution is symmetrical with respect to the axis C of the
casing as shown in FIG. 4. The ion density decreases
from the central portion of distribution toward the pe-
ripheral portion of the same.

The anithmetic unit 5 shown in FIG. 3 detects the
difference current between the ionic currents flowing
respectively through the signal lines 51A and 51B.
While the 1onic wind F is not deflected, the difference
current is zero.

When the mobile object revolves about an axis Z
(FIG. 1) perpendicular to the axis C of the casing 1, a
Coriolis force acts on the ionic wind F to deflect the
ionic wind F in the direction of action thereof, varying
the ion density distributions on the plate electrodes 3A
and 3B in a mode as shown in FIG. 5, in which the ionic
wind F is deflected toward the plate electrode 3B, caus-
ing different ionic currents flow respectively through
the plate electrodes 3A and 38.

FI1G. 6 shoWs the variation of the i1onic currents I
and I, flowing respectively through the signal lines S1A
and 51B with time, in which the ionic current is mea-
sured on the vertical axis and time 1s measured on the
horizontal axis. During a time period between a time 0
to a time t; in which the ionic wind F 1s not under the
influence of the Coriolis force, the ionic currents I and

30
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I, are equal to each other. When the Coriolis force acts
on the ionic wind F, the ionic current I increases while
the ionic current I, diminishes. That is, the number of
ions falling on the plate electrode 3B increases while the
number of ions falling on the plate electrode 3A dimin-
ishes, and thereby the ionic currents Ix and I, become
different from each other as shown in FIG. 6. Conse-
quently, the differential amplifier 82 (FIG. 3) provides a
difference signal V,,; at the time t1 (FIG. 7) when the
Coriolis force starts acting on the ionic wind F. The
arithmetic unit S detects the deflection of the ionic wind
from the difference signal and calculates the angular
velocity of the mobile object.

Second Embodiment (FIGS. 8 to 10):

A gas rate gyro in the second embodiment 1s designed
for further stable and accurate 1onic current detection.
Referring to FIG. 8, a disk shaped grid electrode 3C1s
disposed at the middle of a tubular casing 1 with the
circumference thereof in contact with the inner surface
of the casing 1. The electrode 3C is a grid formed of
wires of 0.5 mm in diameter arranged to form meshes of
6 mm X 6 mm in size. A needle electrode 2 and a pair of
detecting split electrodes 3D and 3E are held opposite
to the grid electrode 3C on one end and on the other
end, respectively of the casing 1. The detecting split
electrodes 3D and 3E have a semicircular cross section
forming a portion of a circle of 3 mm in diameter and
are held by an insulating electrode holder 31 with the
respective straight sides opposite to each other

Referring to FIG. 9, the conductive detecting split
electrodes 3D and 3E penetrate the insulating electrode
holder 31 attached to the end plate of the casing 1. The
detecting split electrodes 3D and 3E correspond to the
plate electrodes 3A and 3B of the first embodiment
shown in FIG. 1. The high-voltage power supply (FIG.
2) employed in the first embodiment may be applied to
the second embodiment. The high-voltage power sup-
ply is connected to the needle electrode 2 by a high-ten-
sion cable 41 to the needle electrode 2. The detecting
split electrodes 3D and 3E are connected to a detecting
circuit having operational amplifiers 80 and 81 and a
differential amplifier 82, which 1s similar to the arithme-
tic unit of FIG. 3, respectively by signal lines S1A and
51B. Referring to FIG. 10, typically illustrating the
flow of an ionic wind in the second embodiment, 10ns
produced around the needle electrode 2 flow toward
the grid electrode 3C in an ionic wind. The ionic wind
has a central potential core FC which does not interact
with the stationary gas surrounding the ion wind, has
only slight disturbance in the flow and has a high 1on
density relative to the peripheral portion of the ion
wind. The potential core has a diameter of approxi-
mately 60% of the diameter of the needle electrode 2
and a length of approximately five times the diameter of
the needle electrode 2. When the diameter of the needle
electrode 2 exceeds 10 mm, the accuracy of detection 1s
deteriorated. Accordingly, the length of the potential
core FC is approximately 30 mm or less and it is desir-
able to dispose the detecting split electrodes 3D and 3E
within the potential core FC. The size of the mesh of
the grid electrode 3C 1s somewhat greater than the
diameter of the potential core FC so that the potential
core FC extends behind the grid electrode 3C, and the
detecting split electrodes 3D and 3E are disposed in the
rear portion of the potential core FC. The detecting
split electrodes 3D and 3E are connected to signal lines
S1A and 51B as shown in FIG. 3.
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Thus, in the second embodiment, the ions in the least

disturbed potential core FC of the ionic wind are de-

tected, and hence the variation of the ionic currents can
be stably measured to achieve highly accurate measure-
ment.

Third embodiment(FIGS. 11 to 13)

Referring to FIG. 11, a casing 1 1s provided internally
with a tubular partition wall 6 having a diameter smaller
than that of the casing 1. The partition wall 6 is coaxial
with the casing 1. A needle electrode 2 and a pair of
detecting split electrodes 3D and 3E are disposed re-
spectively at the opposite ends of the casing 1. A pair of
disk-shaped grid electrodes 3C and 3C’ are disposed at
a predetermined axial interval (in this embodiment, the
distance between the opposing surfaces is 2 mm) be-
tween the needle electrode 2 and the detecting split o
electrodes 3D and 3E, and are interconnected electr-
cally by grounded lead wires 32, so that the grid elec-
trodes 3C and 3C’ are at the same potential. The grid
electrodes 3C and 3C' are the same as the grid electrode
3C of the second embodiment in size and shape. The
grid electrodes 3C and 3C’ form a space having no
electric field distribution.

The function of the grid electrodes 3C and 3D will be
described hereinafter. FI1G. 12 shows the ionic current
- characteristics of the gas rate gyro in the second em-
bodiment shown in FIG. 8, and FIG. 13 shows 1 he
ionic current characteristics of the gas rate gyro in the
third embodiment provided with the two grid elec-
trodes 3C and 3C'. In some cases, the ionic currents
flowing through the detecting electrodes 3D and 3E
drift slightly by a drift B in directions opposite the di-
rection of variation caused by the angular velocity as
shown in FIG. 12 upon the termination of the revolving
motion of the mobile object, namely, upon the reduc-
tion of the angular velocity of the mobile object to zero.
The drift 8 is considered to be due to some influence of
residual ions remaining on the side of deflection of the
ionic wind on the ionic wind, which sometimes is a
problem in detecting a very low angular velocity on the
basis of the variation of the ionic currents.

In the third embodiment, when a corona discharge
occurs between the needle electrode 2 and the grid
electrode 3C’' an ionic wind flows through the gnid
electrodes 3C and 3C’ toward the detecting electrodes
3D and 3E. Since the space not having any electric field
distribution i1s formed between the grid electrodes 3C
and 3C’, no ion remains on the side o: deflection and the
potential core reaches the detecting electrodes 3D and
3E without being affected by the residual ions, and
hence the drift B as shown in FIG. 12 does not appear
in the ionic current variation curve. In FIG. 13 showing
the ionic current characteristics of the third embodi-
ment, a Coriolis force acts on the ionic wind during a
time period between a time t1 and a time t3, and at the
time t7, namely, a moment when the angular velocity of
the mobile object becomes zero, the ionic currents Ix
and I, coincide with each other, and thereby the extinc-
tion of the Coriolis force at the time t; is detected accu-
rately

Fourth Embodiment (FIGS. 14 and 15):

A gas rate gyro in the fourth embodiment is featured
by the stabilization of a constant corona discharge. The
construction of the gas rate gyro shown in FIG. 14 is
substantially the same as that of the gas rate gyro in the
third embodiment shown in FIG. 11, except that gnd
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electrodes 3C and 3C’ of the fourth embodiment are

connected to a feedback circuit 7. The arithmetic unit §
shown in FIG. 3 1s employed.

The feedback circuit 7 and a high-voltage power
supply 4 will be described hereinafter with reference to
FIG. 15.

Referring to FIG. 18, there are shown a lead wire 32
having one end connected to the feedback circuit 7, an
operational amplifier 100 for amplifying a minute cur-
rent, an operational amplifier 101 serving as a compara-
tor, resistors 102, 103 and 104, a capacitor 105, and a
reference voltage generating circuit 106. An ionic cur-
rent resulting from ions arrested by the grid electrodes
3C and 3C' flows through the lead wire 32 into the
operational amplifier 100. Then, the operational ampli-
fier 100 amplifies the ionic current, 4nd the operational
amplifier 101 compares a voltage corresponding to the
amplified ionic current with a reference voltage to pro-
vide a difference voltage signal representing the differ-
ence between the detected voltage and the reference
voltage on a signal output line 110. Increase in the inten-
sity of corona discharge between the needle electrode 2
and the grid electrodes 3C and 3C' causes the number of
ions arrested by the grid electrodes 3C and 3C’ to in-
crease; consequently, the difference voltage signal pro-
vided on the signal line 110 increases accordingly. On
the contrary, as the intensity of corona discharge de-
creases, the difference voltage signal on the signal line
110 decreases. Therefore, the discharge can be main-
tained in a constant state by driving the sliding brush of
a variable resistor 113 included in the high voltage
power supply 4 by a contact driving unit 112 according
to the level of the difference voltage signal on the signal
line 110. The contact driving unit 112 drives the sliding
brush 114 so that the higher the difference voltage sig-
nal, the higher the resistance of the variable resistor 113.
The driving unit 112 may be any suitable known servo-
mechanism comprising a control circuit and an actua-
tor, such as a motor. In FIG. 15, indicated at 41 i1s a
high-tension cable connected to the sliding brush 114 of
the variable resistor 113.

Other Embodiments (FIGS. 16 and 17):

Embodiments shown in FIGS. 16 and 17 are modifi-
cations of the forgoing embodiments, employing modi-
fied casings facilitating the circulation of the ionic wind.

Referring to FIG. 16, tho inner surface of a casing 1
has one end formed in a semispherical surface 1¢ and the
other end consisting of a pair of semispherical surfaces
16 and 1c symmetrical with respect to the axis of the
casing 1. A tubular partition wail 6 having a diameter
smaller than that of the casing 1 is disposed coaxiaily
within the casing 1. A needle electrode 2 is held on one
end of the partition wall G. A pair of plate electrodes 2
is held on one end of the partition wall 6. A pair of plate
electrodes 3A and 3B are disposed at the other end of
the partition wall 6. The plate electrodes 3A and 3B are
inclined symmetrically to the axis of the casing 1. An
ionic wind flows from the needle electrode 2 through
the interior of the partition wall 6 toward the plate
electrodes 3A and 38 and, after reaching the plate elec-
trodes 3A and 3B, returns through a return path formed
between the casing 1 and the partition wall 6 toward the
needle electrode 2, so that the flow of the ionic wind
within the partition wall 6 is not disturbed.

Referring to FIG. 17, a casing 1 has opposite flat
walls. A needle electrode 2 is disposed on one end of
one of the flat walls while plate electrodes 3A and 3B
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are disposed on the other end of the same. The plate
electrodes 3A and 3B are inclined symmetrically. An
ionic wind flows from the needle electrode 2 along the
flat wall on which the needle electrode 2 and the plate
electrodes 3A and 3B are provided toward the plate
electrodes 3A and 3B, and then returns through a return
path 11 toward the needle electrode 2, so that the ionic
wind is able to flow smoothly from the needle electrode

2 toward the plate electrodes 3A and 3B.

The foregoing embodiments detect the deflection of
the ionic wind proportional to the angular velocity of
the mobile object through the detection of the variation
of the ionic currents, and obtains a voltage signal corre-
sponding to the variation of the ionic currents by the
detecting circuit. This voltage signal obtained by the
detecting circuit can be used as an indication of the yaw
rate of the mobile object, such as an automobile. Thus,
the gas rate gyro of the present invention is applicable
to an automobile to detect the yaw rate of the automo-
bile resulting from the rotatory motion of the automo-
bile, for the auxiliary steering of the rear wheels and for
controlling the performance of the suspension system of
the automobile.

Although the invention has been described in its pre-
ferred forms with a certain degree of particularity, obvi-
ously many changes and variations are possible therein.
It is therefore to be understood that the present inven-
tion may be practiced otherwise than specifically de-
scribed herein without departing from the scope and
spirit thereof.

What is claimed 1s:

1. A gas rate gyro mounted on a mobile object to
detect the rotatory motion of the mobile object through
the measurement of the deflection of a gas flow varying
as a function of the rotatory motion of the mobile object
comprising:

a hermetic casing carried on the mobile object and
hermetically containing a gas substantially of neu-
tral molecules;

a first electrode comprising a needle electrode and
disposed at one end of the hermetic casing;
second electrode comprising a pair of grid elec-
trodes disposed adjacently and electrically con-
nected so the grid electrodes are at the same poten-
tial, and disposed within the casing at a predeter-
mined distance from an opposite to the first elec-
trode;

a high-voltage power supply which applies voltage
across the first and second electrodes to produce a
corona discharge around the first electrode so that
an ionic wind composed of a mixture of the neutral
molecules of the gas and ions produced by ionizing
the neutral molecules flows from the first electrode
toward the second electrode;

a detecting electrode comprising a pair of split elec-
trodes for giving electrons to the ions contained in
the ionic wind, disposed at a position within the
casing at a predetermined distance from the first
electrode where the ions produced by a corona
discharge are not annihilated; and
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a detecting circuit, connected to said pair of split
electrodes, which detects the intensity of differ-
ence between the ionic currents flowing respec-
tively through the split electrodes to detect a rota-
tory motion of the mobile object through the mea-
surement of the deflection of the 1onic wind result-
ing from the rotatory motion of the mobile object.

2. A gas rate gyro according to claim 1, wherein said
second electrode is disposed between said first elec-
trode and said detecting electrode.

3. A gas rate gyro according to claim 1, wherein the
pressure of the gas within said casing is in the range of
710 to 810 mmHg.

4. A gas rate gyro according to claim 1, wherein said
gas is nitrogen gas, dry air, an inert gas or a mixture of
those gases.

5. A gas rate gyro according to claim 1, wherein the
size of the meshes of said grid electrode 1s greater than
0.6D, where D is the diameter of said needle electrode,
and said detecting electrode is disposed along an axis of
said needle electrode within the 0.6D.

6. A gas rate gyro according to claim 1, wherein the
predetermined dIstance between said first electrode and
said detecting electrode is 30 mm or below.

7. A gas rate gyro according to claim 1, wherein said
grid electrodes are interconnected electrically by
grounded lead wires.

8. A gas rate gyro mounted on a mobtle object to
detect the rotatory motion of the mobile object through
the measurement of the deflection of a gas flow varying
as a function of the rotatory motion of the mobile ob-
ject, comprising:

a hermetic casing carried on the mobile object and
containing a gas having suitable pressure for co-
rona discharge;

a first electrode disposed at one end of the casing to
generate ions by the corona discharge having a
potential core extending in alignment with an axis
of the first electrode;

a second electrode comprising a pair of grid elec-
trodes disposed adjacently and electrically con-
nected so that the grid electrodes are at the same
potential, and disposed within the casing at a pre-
determined distance from and opposite to the first
electrode;

a high-voltage power supply which applies a voltage
across the first and second electrodes to produce
the corona discharge around the first electrode;

a detecting electrode for giving electrons to the ions
contained in the potential core passing through said
second electrode, disposed at a position within the
casing at a predetermined distance from the first
electrode where the ions produced by the corona
discharge are not annihilated; and

a detecting circuit which detects the intensities of
ionic currents flowing through the detecting elec-
trode to detect a rotatory motion of the mobile
object through the measurement of the deflection
of the ionic wind resulting from the rotatory mo-

tion of the mobile object.
% - E -
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